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1. INTRODUCTION.
1.1 THE LEVEN ESTUARY.
The Leven Estuary is on the northern coastline of Morecambe Bay, and is fed by two principal 
rivers; the Leven itself, and the River Crake. The confluence of the two rivers is located at 
Greenodd both rivers being tidal in this area. The town of Ulverston, with a population of nearly 
13000, is the only sizeable population centre affecting the estuary, being situated on its western 
shores. The major discharges into the estuary are from the Waste Water Treatment Works serving 
Ulverston, and two discharges from the large Glaxo pharmaceuticals factory, (see Section 1.4). 
Figure 1 shows the Leven estuary in a national context.
The estuary is characterised by being very shallow, and shares the extremely variable tides and 
currents that characterize the whole of Morecambe Bay. On a large ebb tide, the water may 
retreat more than 5 miles from the estuary, leaving just the freshwater channel and large expanses 
of sandflats. During a 12 hour tide cycle, the sandflats may be exposed for up to 8 hours. When 
the tide begins to flood, the bore can race back up the estuary at ifp to thirty miles an hour. 
Movement of water within the estuary is very dynamic with the waters of the upper estuary only 
still at high tide and then only for a few minutes. The freshwater channel itself is constantly 
shifting, such that in the space of a week it can swap banks. New sand-banks and channels are 
constantly appearing. Because of this extreme behaviour, the estuary is considered to be a hostile 
environment., perhaps one of the harshest environments in the British Isles.
The most important fishery within the Leven estuary is that of the shrimp fishery although a small 
number of licensed commercial netsmen (6) use lave nets to take migrating salmon and sea trout. 
'The manner of using a lave net shall be by one person standing or moving in the water and 
supporting or holding the net and lifting or scooping any fish', (by virtue of Section 141 and 
Schedule 17 to the Water Act 1989). In addition a few fishermen take mullet, bass, and flounder 
both commercially and for sport. Access to the water for boats is very limited; often necessitating 
crossing unstable mudflats.
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Figure 1. The Leven Estuary illustrated within a national context.
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1.2 THE RIVER LEVEN CATCHMENT.
The River Leven runs from the southern most point o f Lake Windermere, and meet s the River 
Crake at Greenodd about 9 km later. It is a comparatively short length of river, being only about
5.5 km long from lake to tidal limit. However, because the river drains Windermere, its catchment 
is relatively large and includes all the various rivers and becks which eventually flow into the lake 
itself. The two main tributaries of the catchment are the Rivers Rothay and Brathay, which both 
flow into the northern end of Windermere. Windermere itself, at 16 km in length and up to 60m 
deep, is the largest natural lake in England and has significant effects on the fish populations of 
the catchment. The lake supports one of the few major arctic char, (Salvelinus alpinus L.) 
populations in England, as well as trout (Salmo trutta L.), perch (Perea fluviatilis L.), and pike 
(Esox lucins L.), (Millington, L.W. 1994). The catchment is a popular game fishing area, and 
virtually all the tributaries support salmonid spawning grounds, for brown trout from Windermere, 
and sea-trout and salmon migrating upstream from Morecambe Bay. (McCubbing, D.J.F. 1993).
1.3 THE RIVER CRAKE CATCHMENT.
The Crake is a similar river to the Leven, in that it too drains a major lake and thus has a 
comparatively large catchment. The lake in question being Coniston, which supports important 
trout and char populations. The main rivers which empty into the lake are the Yewdale, Church 
and Torver Becks. Again, the Crake catchment supports many salmonid spawning grounds and 
is an important fishing area. (McCubbing, D.J.F. 1994).
1.4 THE ULVERSTON DISCHARGES.
There are three discharges into the estuary area under study; one from the Waste Water 
Treatment Works, and two from the Glaxo Pharmaceuticals plant. The W.W.T.W. discharge is 
a typical small town domestic effluent which receives secondary treatment. The discharge is 
authorised by the Agency (formerly the NRA) and seldom exceeds the set levels for BOD and 
suspended solids. The Glaxo Pharmaceuticals discharges are also consented by the Agency 
(formerly H.M.I.P.).
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The 'weak' effluent consists of some domestic type waste and highly diluted solvent wastes. The 
'strong' Glaxo discharge consists of residues from the production of antibiotics; solvents such as 
methylene chloride, alcohol and acetone, and high levels of ammonia. The mean ammonia level 
in the effluent before discharge has been measured at 145 mg/1, and is seen as the key component 
of the effluent. To put it in context, the BOD in the effluent is equivalent to that in untreated 
sewage o f250,000 people. All the effluents discharge from an outfall pipe close to Hammerside 
Point, and are released for between 20 to 30 minutes, (although consented for up to 45 minutes), 
every tide, starting 30 minutes after high water. Hence the discharge forms a 'slug' of effluent that 
moves out of the estuary as the tide is beginning to ebb. Studies using rhodamine tracer dye have 
shown that the slug generally remains very defined and narrow as it passes out of the estuary. On 
small neap tides it can move out towards Chapel Island, but usually follows the path of the 
freshwater channel, running close to Carter Pool. Figure 2 shows the estuary with discharge 
points and path of the effluent plume.
The Glaxo plant shuts down once a year for essential repairs and maintenance, and thus there is 
a period of about two weeks when the discharge volume decreases almost to zero. This period 
is usually the last week in July and the first week in August.
1.5 THE LEVEN ESTUARY PROJECT.
There is little detailed knowledge of the impact on the Leven estuary, and particularly its fisheries, 
of the discharges from Ulverston. There has been some concern expressed by the lave netsmen 
and the general public about the possible harmful effects of the effluents on the biology of the 
estuary. In the absence of a definite strategy for the protection and management of the estuary, 
it was decided that, with the focus on the strong discharge, a project should be initiated with the 
following objectives:
i) To gain detailed knowledge of the actual impact of the effluent, particularly on the 
migratory fishery.
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ii) To provide a sound technical basis on which the Agency might negotiate effluent 
improvements and discharge arrangements.
iii) To establish a comprehensive understanding of migratory fish behaviour in the estuary.
The project involves water quality monitoring, effluent and estuary toxicity testing, tracking of 
effluent plumes, and salmonid tagging and tracking. The entire project commenced in June 1995 
and is expected to reach a conclusion in March 1997. The information gained from the project is 
expected to contribute to the creation of a 'mixing zone' for the effluent, and to improve the 
environmental management of the estuary and protection of its fishery.
1.6 THE FISHERIES STUDY.
The fisheries element of the project is a study of the behaviour of migrating salmonids in the 
estuary, investigating to what extent if any the Glaxo effluent is having an effect on that 
behaviour. The study's aim was to establish if the discharge is preventing or delaying fish from 
entering freshwater to spawn. The method used was sonar tagging and tracking technology over 
a two year period. It was originally planned to tag up to 100 fish each year, both salmon and large 
(4 lbs+) sea trout. Their behaviour was monitored in the estuaiy by the use of both passive and 
active tracking techniques. The two week shut-down period when the discharge stops acted as 
a valuable control.
The NRA, the Environment Agency's predecessor, has carried out similar work in estuaries; most 
notably on the Dee Estuary from 1991-1993. This project used the same technology to assess 
whether salmonid behaviour would be affected by the construction of a tidal barrage in the 
estuary. Other projects have been undertaken on the Tywi and the Usk in Wales, and the Stour 
and Avon in England, mostly investigating possible factors affecting salmon migration.
5
Figure 2. The Leven e s tu a ry  illustrating discharge points and effluent plume path.
(M odified from  Bayliss, B .D . &  M cCubbing, D.J.F. 1996)
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2. TECHNICAL INFORMATION.
2.1 ACOUSTIC TELEMETRY.
In any telemetry system the transmitted signal must be detected at a distance; therefore the ability 
of the system to function satisfactorily depends on a number of factors:
i) the amount of power transmitted, usually expressed as acoustic pressure in |iPascals at 1 metre 
distance from transmitter.
ii) signal loss between transmitter and receiver, (also known as attenuation).
- Spherical spreading losses as signal expands to cover a sphere of increasing volume.
- Absorption losses affected by signal frequency, salinity, suspended solids, bubbles etc.
- Energy loss on reflection when signal strikes surface or bottom, and refraction when signal 
passes through temperature gradients.
iii) the amount of noise in the transmitting medium.
- ambient noise such as rain, soniferous marine life, and wind.
- noise due to flow of tides and currents.
- electrical and mechanical noise in surrounding areas.
iv) the receiver's ability to differentiate between signal and noise.
- for the type of equipment used in this project, it is only important that the signal to noise ratio 
is sufficient that the tag pulse is distinguishable from the background noise.
2.2 TAGGING TECHNOLOGY.
The use of tagging for the tracking of fish is a firmly established tool for the scientist in the field. 
First used in 1956, the basic concept of acoustic tagging has not changed since. However, as the 
technology has developed, it has been possible to place more sophisticated electronic circuitry into
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smaller tags, thus enabling the behaviour of smaller subjects to be studied. At present the size of 
an electronic tag is dictated by the size of the battery needed; the circuitry it powers requires 
minimum space in comparison. A breakthrough in battery design is needed before tags will be 
made appreciably smaller, and still have an adequate operation time.
2.3 THE TAGS.
The radio pulses emitted by a small tag are very weak compared to normal radio transmissions, 
and are therefore easily attenuated by any impurities or particles in the medium through which 
they travel. For this reason, a radio tag will have a very limited useful range in seawater, but will 
perform adequately in freshwater. So, as the estuary water is either brackish or saline except at 
extreme low water, it was decided that radio tagging would not provide adequate performance 
for the purposes of this study. More commonly used in saline conditions is sonar technology; the 
use of high frequency sound as a substitute for radio waves. Sound waves are attenuated less by 
dissolved matter present in seawater, and are therefore more useful in an estuarine environment.
• The accepted technology used today is the CART (Combined Acoustic and Radio Tag) tag. 
These are inserted into the stomach of the fish, and transmit a radio pulse and an acoustic pulse 
simultaneously. However, as the transmission of an acoustic pulse requires more energy than a 
radio pulse, to conserve battery life the tag is designed to cease acoustic transmission after a set 
period. Thereafter, the tag continues functioning purely as a radio tag for the remainder of the 
battery life.
The CART tags are cigar shaped, about 6.5cm long by 1.5cm diameter, and are manufactured so 
that their radio transmission frequencies cover ten bands. The spacing between bands is 5 KHz, 
ranging from 173.800 MHz to 173.850 MHz. This region of the radio frequency spectrum is 
approved by the Department of Trade and Industry for use in animal telemetry. Their acoustic 
signal is transmitted at a frequency of 76 KHz, and each tag has its own specific pulse rate. Thus 
an individual fish can be identified by the pulse rate of its tag and the frequency on which it is 
detected. The acoustic pulse is programmed to cease after approximately 20 days, whilst the radio 
pulse may last up to 9 months. However, this will vary according to the pulse rate; the higher the 
rate, the faster the battery will run out. (The pulse rates of tags used ranges from 25 to 72 ppm.)
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For the purposes of this project, the CART tags were to be used to provide most of the data 
about fish behaviour in the estuary, particularly when concerned with the effluent from 
Hammerside Point. However, as the chain of sonar buoys did not extend into freshwater, radio 
tags were also purchased. These were to be used to confirm that fish tagged in the estuary were 
carrying on into freshwater, and not leaving the Leven estuary to enter another river system. 
Radio listening stations above the tidal limits of the Crake and the Leven would pick up the 
tagged fish and thus provide information on how long fish remained in the estuary before entering 
freshwater. Also, by correlating data from these listening stations with environmental data, the 
environmental factors (eg. temperature, rainfall) which prompt the fish to move upstream can be 
identified.
The radio tags transmit their pulses on the same frequency bands as the CART tags, and are 
identical in appearance apart from being 2 cm shorter. Again, each tag is unique due to its specific 
combination of transmission frequency and pulse rate.
2.4 THE SONAR BUOYS.
The purpose of the sonar buoy is to pick Up the acoustic pulses emitted from the tag within the 
fish, convert these pulses into radio pulses, and transmit them to a land based receiver, in this case 
an automatic listening station. HS Electronics manufacture a unit which has been used in the 
projects on the Dee and Tywi mentioned earlier. The unit consists of a PVC bucket which holds 
the battery, and a lid from which is suspended the electronic circuitry. The lid is bolted to the 
bucket with 8 bolts, and a watertight seal is made with the use of a rubber 'O' ryig and a silicon 
sealant grease. The hydrophone and aerial socket are mounted on the top of the lid and the whole 
assembly is bolted to the stainless steel holding cradle.
As described in section 2.1, the main problem with the use of acoustic tagging in water is the fact 
that the aquatic environment is very noisy. Indeed an estuary such as the Leven is probably the 
noisiest possible environment in which to use such equipment. To try to combat this problem, the 
buoy is fitted with automatic gain control circuitry designed to overcome spurious triggering by 
noise.
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In typical tracking locations, trials have shown that the buoy will run for 7 to 10 weeks before its 
battery runs out. However, this period will be shorter if the buoy is being triggered frequently in 
a noisy environment.
The buoys transmit a pulse every 20 seconds to confirm it is operational; this is useful when no 
tagged fish or spurious noises trigger the buoy. The buoys' transmissions are in the same 
frequency band {174 MHz) as the radio and CART tags, with each buoy having its own specific 
frequency. The sonar buoy sites can be seen in Figure 3.
2.5 THE AUTOMATIC LISTENING STATIONS (ALS).
The station consists of a modified Yaesu FT290R radio receiver which is connected to a tape 
recorder and an electronics unit. The electronics unit has a small printer and contains a timer card. 
The whole unit is housed in a waterproof plastic box and is designed to be placed in the field. 
The station functions on a cycle, which can be set to run continuously or every 2, 5, or 10 
minutes. Every cycle, the station runs through the 10 frequency channels stored in the receiver's 
memory, scanning for pulses from the radio tags or sonar buoys. If a signal is detected, the 
tapedeck records 12 seconds of that signal. A printout at the end of each cycle confirms the 
presence of any signals for each frequency channel. Using the recording to time the pulse rate, and 
knowing the frequency channel recorded on the printout, it is possible to deduce which tag (and 
therefore which fish) has been detected. When the station is in place in the field, it must be visited 
regularly to collect the tapes and printouts for analysis. The listening station sites can be seen in 
Figure 3, and a photograph of a listening station on site can be seen in Appendix 3, Plate 2.
A hand held Yaesu radio receiver with an 'H' pattern dipole aerial, and a hand held acoustic 
receiver with a hydrophone pick-up were also used. The radio hand held receiver proved 
particularly useful in assessing suitable sites for location of the listening stations, and in 
ascertaining whether the buoys were still functioning.
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Listening Stations
ALS 1 O FISH HOUSE LANE 
ALS 2 O BACKBARROW 
ALS 3 o  NEWBY BRIDGE 
ALS 4 O CLAPPERSGATE 
ALS 5 O ROTHAY 
ALS 6 O SPARK BRIDGE 
ALS 7 o  BOUTHREY BRIDGE
Sonar Buovs
SAB 1 O CARTER POOL 
SAB 2 © HAMMERSIDE POINT 
SAB 3 *  PLUMPTON BEACH 
SAB 4 o  PLUMPTON VIADUCT 
SAB 5 © SKELWITH 
SAB 6 0  GREENODD
Figure 3. The. Leven estuary with Leven and Crake catchments showing sonar buoy and 
listening station locations.
3. ACCOUNT OF TECHNICAL WORK IN 1995 & 1996
3.1 A SUMMARY OF 1995
Throughout the study period covering the months June to October 1995 there were numerous 
factors which determined the outcome of that years' project. These centred around the equipment 
and the weather. Problems with the sonar buoys flooding and subsequent lengthy and expensive 
repairs meant that tracking within the Leven estuary in 1995 was ineffectual. However, the 
weather also played a role in that extremely low rainfall (i.e significantly below the monthly long 
term average from April to September) and the drought order imposed on the River Leven 
catchment resulted in persistently low flows within the river and the estuary (see Appendix la, lb, 
and lc). It should be mentioned that any drought order or flow regime imposed on the Leven 
catchment will effect freshwater flows within the Leven estuary and consequently the freshwater 
'cues' for both the River Leven and River Crake and that low flows, high water temperatures and 
other associated factors are known to be detrimental to the migration of returning adult salmonids. 
(Milner, N.J. (Ed.) 1990). A total of seven fish (six salmon, one sea trout) were tagged and 
released in the Leven estuary during 1995. Of these two fish (one salmon, one sea trout) made 
a successful migration into freshwater, of the remaining five fish, two were found dead within the 
estuary and three were never detected after release. For comparisons of successful migration into 
freshwater with other rivers see Figure 6. The findings will be discussed in section 4.2.2.
3.2 EQUIPMENT MODIFICATIONS
The problems encountered with the sonar buoys during 1995 revolved around the flooding of the 
internal "circuitry. This was thought to be the result of the force of the flood tide and tidal currents 
causing the buoy to move violently, distorting and damaging the joints and seals. As a result the 
equipment manufacturers in consultation with MAFF redesigned the protective cradle which 
surrounds the buoy, such that it incorporated a buffer between cradle and buoy. This new cradle 
also afforded greater protection to the buoy itself The buoy was redesigned as a single piece body 
of high density toughened plastic with a bolt on lid. These modifications resolved the original 
problems and no flooding or any significant external damage has since been encountered.
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3.3 SONAR BUOY DEPLOYMENT IN 1996
As was the case in 1995, six sonar buoys were deployed throughout the estuary in 1996. The 
location of these can be seen in Figure 3. The buoys were in place prior to the beginning of the 
netting operations and were operational for the period 20.05.96 to 25.10.96. Each buoy was 
allocated an automatic listening station which monitored the related frequencies for tagged fish 
on a set 2, 5, or 10 minute cycle.
4. ACCOUNT OF TAGGING OPERATION IN 1995 & 1996
4.1 THE GENERAL NETTING REGIME
The main objective of the fisheries component of the Leven Estuary Project was to monitor the 
behaviour of migrating salmonids in the estuary. In 1995 it was originally planned to tag about 
100 fish each year of the project, during the period June to October. However, during both 1995 
and 1996 numbers of fish were relatively low, possibly linked with the persistent low flows or 
other environmental factors experienced during the main migration period.
Each netting operation is relatively labour intensive, requiring the presence of a minimum of two 
boat trained fisheries staff depending on the location and the nature o f the netting exercise. In 
both 1995 and 1996 the services of two experienced estuary fishermen were employed. Their help 
was deemed necessary as they have valued experience of locating fish holding areas , and also 
knowledge of potentially dangerous quicksands that characterise much of the Morecambe Bay 
area. Netting operations were performed at both low and high tides depending on the method 
being used and the location in which netting was to be carried out. Netting sites at Plumpton 
Viaduct (also known as the Leven Viaduct) entailed fishing at low water as deep holding pools 
were more obvious and easier to fish with a gill net or seine net. However, netting operations at 
Carter Pool (downstream of the discharge at Hammerside Point) and Plumpton Beach (upstream 
of Canal Foot) were generally carried out at high water with a gill net set parallel to the shore, or 
drifted at 90 degrees to the shore with the use of a small inflatable boat. See Appendix 2a for a 
summary of 1996 netting operations.
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4.2 TAGGING & TRACKING RESULTS IN 1996
Tagging details and subsequent tracking information within both estuarine and freshwater 
environments during 1996 is summarised in text form in Appendix 4. Table 1 below contains a 
general overview of fish capture and tagging.
Table 1. 1996 Netting Operations
Numbers Of:
Netting Salmon Salmon Sea Trout Sea Trout
Operations Caught Tagged Caught Tagged
Carter Pool 7 0 0 0 0
Plumpton Viaduct 27 5 5 18 7
Plumpton Bight 1 0 0 0 0
Plumpton Beach 26 10 9 7 3
Table 1 above does not include the single Steelhead (Sea-run Rainbow Trout) caught and tagged 
at Plumpton Beach.
Although it was intended from the outset of the project that 100 fish were to be tagged and 
released these figures were not realistically obtainable in both years of the study due to a 
combination of low flows within the estuary and a general lack of fish. Table 2 below illustrates 
annual catches from 1995 and 1996 for the Leven estuary lave netsmen and compares it with the 
catch for the project during 1996.
Table 2. CPUE Comparisons between Commercial Netsmen and Estuary Project
SALMON CPUE 
APRIL
LAVE 1995 0.000
JjUJMT EFFORT ?
MAY
0.045
1 TIDE)
JUNE
0.182
JULY
0.158
AUG
0.168
SEPT
N/A
OCT
N/A
TOTAL
0.159
LAVE 1996 0.000 0.000 0.028 0.113 0.152 N/A N/A 0.103
LEP 1996 0.000
SEA TROUT CPUE 
APRIL 
LAVE 1995 0.000
0.000
MAY
0.000
0.000
iTiDE)
JUNE
0.061
0.571
JULY
0.053
0.385
AUG
0.000
0.091
SEPT
N/A
0.125
OCT
N/A
0.246
TOTAL
0.028
LAVE 1996 0.000 0.000 0.097 0.129 0.018 N/A N/A 0.078
LEP 1996 0.000 0.000 0.364 1.000 0.308 0.091 0.500 0.410
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The information illustrated in Table 2 helps to compare the capture efficiency of project methods 
when compared to commercial methods. The differences may be accounted for by the methods 
used (i.e. 100m gill nets for the project, lave nets for the commercial netsmen) and the state of tide 
when fished (high and low waters for the project, approximately four hours after high water for 
the lave netsmen). Lave netsmen are limited by the very nature of their method and are only able 
to fish the tide once it has ebbed sufficiently enough for safe passage across the sands and where 
the existence of a suitable sand 'bar' occurs.
The network of sonar buoys was operational for the entire period of capture and release, however 
not all fish were detected within the estuary. Of the twenty-five tagged fish eight (32%) were 
detected by various sonar buoys within the estuary and four of the twenty-five (16%) entered 
freshwater.
Nb. Not all tagged fish were fitted with acoustic tags, some were radio tagged, due to the size 
or condition of the individual fish, see section 4.2.1 for further details.
4.2.1 ESTUARINE TRACKING IN 1995 & 1996
During the tracking period of 1995 (June to October) very limited estuarine data on fish 
movements were recorded due to the problems encountered as outlined previously in section 3.1. 
However, length of time taken to reach freshwater and freshwater tracks were recorded and are 
summarised in Appendix 2c. This section concentrates on data obtained during the 1996 tracking 
season.
The sonar tracking equipment is sited within the areas of the estuary which still carry freshwater 
once the tide has fully ebbed. This allows full tidal cycles to be monitored and thus increases the 
chances of detecting acoustically tagged fish. Salmon migration through the estuarine environment 
has been studied using similar technology for many years and as a result a general picture of fish 
movements has been obtained. A generalised model of salmonid estuarine movement is shown in 
Figure 4.
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Figure 4. Schem atic representation o f  salmonid m igration through the Leven Estuary.
(M ilner, N .J. (E d .) 1990).
Placing the schematic diagram into the context o f  the  Leven estuary, w e can relate the  low  w ater 
holding areas illustrated to  those o£,Greenodd in the upper estuary and Plum pton V iaduct in the 
middle reaches. It is believed from  observations and com m unications w ith  estuary netsm en that 
the  afore m entioned tw o  areas are the prim ary locations for fish to  hold in after high tide and 
remain resident until the following flood tide (although some fish do m ove within the  flow  o f  the 
freshw ater channels at low  w ater). This is thought to  be due to  the nature o f  the  holding pools 
being deep with areas not directly in the main flow allowing fish to  rest. O ther holding areas exist 
within the estuary but are generally o f  a tem poral nature (e.g. Skelwith and C arter Pool) due to  
unstable sand flats and tidal forces.
D uring  the capture, tagging, release, and tracking period o f  1996 (late M ay to  late O ctober) 
fou rteen  salmon, ten  sea trou t, and one steelhead w ere tagged and released. O f  these fish, five 
(three salmon, one sea trout, and one steelhead), w ere tagged  w ith radio tags. Therefore the  to tal 
num ber o f  fish available to  track  within the estuary w as twenty. O f  these fish eight (40% ) w ere 
subsequently detected by the sonar buoy netw ork  o r portable receiver w ithin the estuary. The 
exact tim e w as recorded for each detection event and from  the afialysed data  charts w ere 
produced. The charts show  the tim e and num bers o f  detections and their respective duration in
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relation to the tidal state. This should then allow movement patterns within the estuary to be 
plotted. Figure 5 shows the Leven estuary with buoy locations and detections of CART tagged
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Figure 5. Distribution of fish detections in relation to high water.
Each detection o f  a tagged  fish m ade by the sonar buoy netw ork is represented by 10mm across 
the axis o f  the radial chart. Detections w ere made by all buoys w ith the exception o f  Skelwith and 
Ham m erside Point buoys. The likely reasons for this are discussed later in section 5.
4.2.2 F R E S H W A T E R  T R A C K IN G  IN  1995 &  1996
As previously stated in section 4.2; o f  the tw enty  five fish that w ere tagged within the  estuary in 
1996 four (16% ) m ade a successful m igration into freshwater. Three entered the R iver Leven 
(1 salmon, 2 sea trout) and one the River Crake (sea trout). In 1995 only seven fish w ere tagged 
w ithin the Leven estuary (6 salmon, 1 sea trou t) o f  which tw o (29% ) com m itted to  freshw ater, 
one sea trou t in the  R iver Crake and one salm on in the Leven. I f  these figures are com pared to 
those o f  o ther studies involving estuary tagged fish and their m igration to  freshw ater it shows a 
significantly low er success rate. A  chart displaying these com parisons can be seen in Figure 6.
Figure 6. C om parisons in success rates o f  estuarine tagged  salmonids m igrating into 
freshw ater.
This assists in outlining the significantly low  success rate  o f  returning adult salm onids w ithin the 
L even  estuary. O f  the o ther studies included in Figure 6 the Rivers D ee, Tay, Tam ar, and 
Hampshire Avon w ere related to  flow regimes rather than w ater quality issues . The R iver Ribble 
however, with a successful migration rate to  freshwater o f  22% , was studied due to  concerns over
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effects of low dissolved oxygen (DO) due to a major sewage works discharge within the estuary. 
(Priede, LG. Solbe, J.F. et al 1988). The Tywi study was also concerned with the effects of low 
DO attributed to tidal resuspension of estuarial muds, discharge from a major sewage treatment 
works in the upper estuary and breakdown of marine algae. (Clarke, D. and Purvis, W.K. 1990). 
The River Usk was another river investigated due to concerns over low DO due to resuspended 
sediments and polluting discharges within its estuary. (Aprahamian, M.W., Strange, CD ., and 
Dimond, C. 1990). Therefore it would appear from the chart that low returns of estuarine tagged 
fish to freshwater are linked to water quality problems within the estuary. The severity of the 
situation within the Leven estuary may well be as a result of the presence of numerous stressors 
such as treated sewage, pharmaceutical bi-products, reduced freshwater flows, and relatively high 
water temperatures, each of which has been shown in other studies (references as above) to 
contribute (in part) to a reduction in number of freshwater entrants. This could be due to an 
increase in mortality rates due to the stressors mentioned or a return to sea to avoid the stressors 
within the estuary. What is clear from the study on the Leven estuary is that the majority of tagged 
fish 'disappeared' (i.e. there is no way of determining their fate other than they do not enter 
freshwater during the tag life).
Looking at the successful migrants into freshwater during 1996, traces are only available for the 
two sea trout and one salmon entering the River Leven as the sea trout which entered the Crake 
system regurgitated its tag upon entry to freshwater. Figures 7, 8, and 9 illustrate their movements 
within the Leven catchment relating to flows.
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4.2.2.1. FRESHWATER MIGRATION OF 5LBS SALMON IN RIVER LEVEN
Figure 7. Freshwater trace of an estuarine CART tagged salmon.
The trace obtained from the salmon successfully migrating into the freshwater of the River Leven 
is the most detailed of the three traces recorded. The fish committed itself to freshwater a 
maximum of 41 days post tagging. However, as the fish was initially detected by the Backbarrow 
listening station it is probable that it entered shortly before this date. The reason for it not being 
detected by the Fish House Lane listening station is that the fish probably entered freshwater 
during a high tide cycle at which point the river in this area is effected by salinity and therefore 
will no longer pick up the radio signal from the tag. Tide tables for this period show a peak high 
tide of 9.7m on the date of capture. When comparing date of capture and river flows it would 
appear likely that the fish entered the estuary during a slight elevation in freshwater flow. The 
freshwater flow on which the fish most probably entered freshwater (29.09.96) was the highest 
experienced since late February and was likely therefore to have been a significant 'cue' for 
migration through the estuary and on into freshwater. The first upstream migration can also be 
linked to the rise in freshwater flows. Its subsequent return to the Backbarrow area may be 
attributed to a stabilisation of flows although from other studies fish are known to make short 
upstream and downstream forays. (Evans, D.M., Purvis, W.K., and Clarke, D.R.K. 1994). 
Further short upstream migrations were recorded, the furthest point (2.5km u/s of the tidal limit) 
being upstream of the White Water Hotel road bridge (16.11.96 to 21.11.96) where it is assumed 
the fish spawned. It was subsequently tracked for an additional week at which point the fish 
was'lost' and presumed to have left the catchment.
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4 .2 .2 .2 . F R E S H W A T E R  M IG R A T IO N  O F  4.25L B S SEA  T R O U T  IN  R T V ER  L E V E N
Figure 8. Freshw ater trace o f  an estuarine CA RT tagged sea trout.
The trace o f  freshwater movements o f  the sea trout in Figure 8 is quite revealing in that it appears 
that the fish is returning to  the  estuary for lengthy periods (approx 1 m onth) before returning to 
freshwater. The fish w as one o f  the first to  be CA RT tagged within the estuary during 1996 and 
com m itted to  freshw ater on the next rise in river flows (06.07.96) one w eek post tagging. This 
increase in river flows coincided w ith tide heights o f  9.4m  which w ould allow  the  fish to  move 
on the flood tide directly into the low er reaches o f  the River Leven. H ow ever, the fish remained 
resident in the lower tidally affected reaches for alm ost a m onth at which point it returned to  the 
estuary. This would appear to  be due to  persistent low  flows during this period. Its ' return  to  the 
estuary  coincided w ith a 10.1m tide allowing it to  passively m igrate back on the  ebb tide. N o 
further detections w ere m ade until 28.08.96 at which point the fish re-entered the low er tidal 
limits o f  the river. Again this coincided with a small increase in flows and a tide height o f  9.4m. 
The fish rem ained in this area for the following w eek as flows steadily fell and returned to  the 
estuary again (tide 8.4m). Freshw ater flows remained low  for the duration until a substantial rise 
in discharge occurred on the 29.09.96; this date is also the highest tide fo r the m onth. The sea 
t ro u t w as briefly detected  at B ackbarrow  via the listening station on the  05.10.96 and it is 
probable that it entered freshw ater on the previous spate and rapidly m igrated upstream . Three 
days later the fish returned to  the low er river as flows dropped w here it rem ained until the
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16.10.96 upon which it left the catchment on the peak tide of 9. lm. It is possible the fish spawned 
at its uppermost migration point at Backbarrow although this area of main river is known to be 
unsuitable for sea trout spawning (Foster, P.J. pers comms). An alternative theory behind the 
reasons for this fish repeatedly entering freshwater and returning to the estuary / sea is that it was 
a non-native fish and eventually returned to the estuary / sea to migrate to another catchment 
(outside the Leven estuary). Similar studies quote a proportion of fish migrating upstream circa 
20 kilometres in non-native rivers prior to emigrating to other river systems,' (Clarke, D.R.K., 
Evans, D.M., Ellery, D. S., et al 1994).
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4.2.2.3. FRESHWATER MIGRATION OF 4.75LBS SEA TROUT IN RTVER LEVEN
Figure 9. Freshwater trace of an estuarine CART tagged sea trout.
The sea trout trace illustrated in figure 9 is of a fish tagged during the same netting operation as 
that discussed above in figure 8 and exhibited the same behaviour. However, after returning to 
the estuary for the first time it was not detected thereafter within the Leven or any of its 
neighbouring catchments.
4.2.2.4. GENERAL COMMENTS REGARDING FRESHWATER TRACKING IN 1995 
& 1996
•  From data collected during 1995 and 1996 upstream and / or downstream fish movements 
would appear to be freshwater flow related.
•  Fish counter data recorded at Backbarrow on the R. Leven for 1996 back up the theory 
that fish behaviour post-tagging (i.e. migration into freshwater) is 'normal'. Tagged fish 
are detected during times of increased upstream fish movements. This data is graphically 
represented in Appendix Id.
•  Fish counter data shows fish movements across the fish counter to be strongly correlated 
with freshwater flows.
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A s already stated, limited data for 1995 w as obtained from  the estuary tracking elem ent o f  the 
project, therefore tim e taken from  capture to  entering freshw ater and their respective flows will 
be summ arised for 1995 and 1996 in Table 3 w ith com m ents on each case outlined below.
Table 3. Time taken from  capture to  freshw ater entry.
(b) 26.10.95 (30.237) 20.12.95 (0.967) 55
(c) 27.06.96 (1.062) 06.07.96 (6.678) 9
(d) 27.06.96 (1.062) 06.07.96 (6.678) 9
(e) 29.08.96 (3.237) 08.10.96 (11.165) 41
(f) 02.10.96 (20.569) 09.10.96 (9.121) 7
(a) - The first spate post tagging occurred on the 03.10.95 (33.272 cumecs) and w ould seem 
likely that this initial rise on flow s w as a significant 'cue' fo r the fish to  enter freshwater. The fish 
w as  unaccounted for, for approxim ately ten  w eeks its w hereabouts during this tim e can only be 
speculated upon.
(b) - A n increase in freshw ater flow s w as experienced during mid to  late N ovem ber, in this 
instance there does not appear to  be in link betw een the tim e o f  entry and flows. H ow ever, the 
fish w as firstly detected  by the B outhrey  Bridge listening station and therefore had passed the 
Spark Bridge station without detection. Thus it is likely that the date o f  first freshw ater detection 
is spm ew hat earlier than that above.
(c) - The first increase in freshwater flows post tagging occurred on the  04.07.96 and w ould seem 
likely that this w as the environm ental cue required for the fish to  enter freshwater.
(d) - As for (c). Both (c) and (d) w ere detected  w ithin the estuary by the Carter Pool sonar buoy 
on  the  ebb tide during the early hours o f  the day after tagging.
(e) - The first increase in flows post tagging occurred on the 29.09.96 w ith the fish being detected 
on the 08.10.96 at Backbarrow . As is w ith the case o f  (b) it is likely that the date o f  freshw ater 
entry is slightly earlier than given in Table 3 and is probably as a result o f  increased flows.
(f) - The fish was tagged during a period o f  elevated freshw ater discharge and entered freshw ater 
as levels dropped steadily.
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A summary of fish caught within the Leven estuary during 1996 and their subsequent detection 
within the estuary or freshwater, or both, in relation to freshwater flows can be seen in graph 
format in Appendix 2b.
5. DISCUSSION
Throughout the study periods of 1995 and 1996, rainfall and consequently freshwater flows have 
been well below the long term average (Appendices la,b,c). Therefore when discussing the results 
found it must be remembered that these relate to periods of drought and should only be taken in 
that context. It would be purely speculative to suggest that the results obtained would be similar 
to those found in a more 'normal' non-drought year.
Results obtained for 1995 were limited by factors already discussed, however some data was 
collected relating to time of travel from tagging to freshwater. Although not directly in relation 
to fish behaviour within the estuary and more importantly the effects of the discharge, it did allow 
a comparison with other studies with similar project criteria (Figure 6). From this it showed a 
notable difference in successful migration rates to freshwater between studies related to water 
quality issues and those related to flow regimes. The study of 1995 had a 29% success rate of fish 
tagged entering freshwater, the mean for the other rivers illustrated being 47%. Reasons for low 
numbers of fish tagged during this period can be partly attributed to persistent low flows 
experienced throughout the Leven and Crake catchments and within the estuary itself. Fish 
counter figures from Backbarrow on the River Leven indicated an overall reduction of upstream 
fish movements in the region of 25% when compared to those obtained for 1994. (McCubbing, 
D.J.F. pers comms). The effect of the discharges within the estuary on the returning adult fish is 
therefore unquantifiable for 1995.
During the study period of 1996 more information was obtained from the sonar buoy network 
within the estuary. 40% of CART tagged fish within the estuary were detected by various buoys 
with the notable exceptions of Skelwith and more importantly Hammerside Point buoys. Reasons 
for non-detection of tagged fish by these buoys can be explained to a certain extent. The Skelwith
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buoy was located in the same location as in 1995, however during late '95 early '96 the holding 
pool at this site was lost due to shifting sands resulting in an expanse of sand flats with a wide 
shallow freshwater channel running down the centre of the estuary. The buoy was sited there in 
the hope that the pool would reform, but this was not the case and consequently the buoy was 
only functioning efficiently during the mid to latter flood tides and early to mid ebb tides. Its 
positioning was such that if, as is generally accepted, the majority of fish follow the freshwater 
channel during the flood and ebb it would be unlikely that the buoy would detect it due to 
distance. However, with the Hammerside Point buoy the case is slightly different, the buoy was 
positioned such that it was directly in the path of the effluent discharges and monitoring for the 
full period of flood tide and all but the last half hour of ebb tide (dependant on tide height). 
Therefore it would be very unlikely for fish not to be detected here because of its location as 
buoys up and downstream have detected fish. It seems likely that there is some other factor 
affecting this area which could be explained by the discharge. Observations relating to the overall 
condition of the buoys were taken every six to seven weeks at the same time as battery changes 
took place. It became apparent that buoys were becoming covered in barnacles after 
approximately two weeks except for the Hammerside Point buoy which, was devoid of all 
barnacle growth, (see Appendix 3, Plate 1).
Results obtained from the sonar buoy network would appear to suggest that fish movement within 
the Leven estuary is widespread throughout the tidal cycle, as was outlined in Figure 4. Detections 
were made at high water in the middle reaches of the estuary (i.e. the Plumpton area) and during 
the ebb and low water periods in the lower and upper reaches (Carter Pool and Greenodd 
respectively). From this information it is apparent that fish have the ability to hold during low 
water in the upper estuary (critical decision zone) where pools are available, and that they are also 
present during the latter half of the ebb tide and prior to the flood tide in the lower estuary. 
Therefore a general overall picture of fish movement would appear to be that fish move in on the 
flood tide (not with the initial bore but about half to one hour thereafter) and progress up the 
estuary and enter the freshwater of the Leven or Crake. The fish also has the option of holding 
in the upper estuary or dropping back with the ebb tide and holding in low water pools at 
Plumpton or Carter Pool. The other option is to leave the estuary completely on the ebb tide.
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Looking at the direct influence of the discharges on the behaviour of the tagged fish within the 
Leven estuary no concrete results on this have been obtained although theories have been 
suggested. These include:
(a) - no fish were detected by the Hammerside Point buoy therefore the fish may be actively 
avoiding the area. This would not explain the low numbers of successful freshwater entries.
(b) - a large proportion of fish which enter the estuary are succumbing to the prevailing 
environmental stressors, (see (c)) and perishing.
(c) - tagged fish are migrating through the estuary and encountering a number of stressors such 
as, discharges, low flows, warm water temperatures. Each of which will have an effect on the fish 
but some more than others. It is unclear whether the lack of fish successfully migrating to 
freshwater is solely due to one of these stressors or as a result of § combination of them.
This is a plausible theory but additional investigations into the effects of the drought would be 
required for clarification. That is to say, the study has been affected by the drought of 1995 and 
1996 and thus if firm conclusions are to be made then the effects of the drought needs to be 
compared with a more 'normal' year with respect to flows. Investigations to date would tend to 
suggest significant environmental problems are encountered by returning adult salmon and sea 
trout leaning towards the theory suggested in (c). The reasons for this are as yet unclear but with 
further investigations during more average environmental conditions a firm conclusion could be 
made.
The study of freshwater migration within the River Leven and Crake catchments generally has 
shown fish movements relating to changes in flows. Fish movements observed can be described 
as discontinuous in nature as individual fish moved in a short stepped migration rather than a rapid 
river entry followed by a lengthy quiescent (holding) phase. (Milner, N.J. (Ed.) 1990). River entry 
itself appeared to be linked with river flows, to a greater extent in the early summer when fish 
entered and left in relation to flows. The upper end of the 'critical decision zone' (see fig. 4) is the 
lower tidal reaches of the River Leven. There are no specific data relating this to the River Crake.
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6. CONCLUSIONS
•  The Leven Estuary Project (Fisheries Component) has not fully achieved its main 
objectives in ascertaining the effects, if any, the estuarine discharges are having on the 
returning adult salmonid population. The main reason for this being the drought conditions 
experienced throughout the two year study period.
•  Results would appear to suggest a problem but without further investigations it is not 
possible to state if these problems are natural environmental problems or estuarine water 
quality problems.
•  The weather conditions experienced throughout the study period were of persistently low 
rainfall and low river flows particularly during the summer months (June to September) 
when the bulk of the fish are normally migrating through the estuary.
•  During 1995 a total of 29% of estuarine tagged fish successfully migrated through the 
estuary and into freshwater. During the summer of 1995 no rain fell within the Lake 
District for over seven weeks. For the same period in 1996 only 16% made a successful 
passage. These figures may be partly, or totally, due to the prevailing drought conditions 
at the time but further information is required.
•  Time of travel to freshwater post-tagging varied significantly, ranging from seven days to 
seventy-six days. There appears to be some correlation between the next increase in flows 
after tagging has occurred and entry to freshwater. However, whilst this does go some 
way to explaining the behaviour of those fish which did successfully migrate into 
freshwater it does not explain why the unaccounted for fish did not enter freshwater.
Theories as to where the lost' fish have gone include :
•  (a) - After tagging they return to sea and migrate up other rivers within the Morecambe 
Bay area but outside the Leven estuary. Catchments within the Leven estuary were
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searched for tagged fish on numerous occasions without detecting any 'stray' fish. Other 
adjacent catchments were not searched however, it would seem very unlikely that such 
a large proportion of fish (1995 - 71% & 1996 - 84%) caught within the Leven estuary 
were in fact destined for catchments other than those within the Leven estuary.
•  (b) - If freshwater flows were persistently low within the Leven estuary, as was the case 
for both years of study, then other additional stressors become more of a problem to the 
fish. These include warmer water temperatures, potentially low dissolved oxygen levels, 
ammonia and the presence of sewage and pharmaceutical discharges. Each of these on its 
own may not be significant enough to hinder, deter, or prevent fish from entering 
freshwater but when a combination of them occurs it may well be. If this is the case and 
the stressors were having an effect then it is possible that a number of fish may have 
perished or returned to the sea.
•  (c) - Following on from above, it is possible that fish are being deterred or delayed in 
some way because of these stressors. They may than return to sea and await changes in 
environmental conditions such as an increase in rainfall. Should no change in weather 
conditions occur within a certain length of time then the fish may not enter the system at 
all.
•  (d) - Some fish did 'disappear' for long periods of time (up to 76 days) before entering 
freshwater. Possible reasons for this could be that they have returned to the sea and 
awaited environmental changes and then re-entered the estuary and subsequently 
freshwater.
•  (e) - Fish may regurgitate their tags on returning to sea. This would occur on commencing 
of feeding.
•  (f) - If fish choose not to commit to freshwater for what ever reasons they may have no 
option other than to leave the estuary due to lack of stable holding areas within the estuary 
as a whole.
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7. RECOMMENDATIONS
•  Information collected and analysed to date shows a concern over the lack of fish entering 
freshwater when compared to other similar studies. Overall large numbers of fish are 
entering the estuary, but few are appearing to go on to freshwater. It also appears from 
the limited data from the sonar buoy network that fish are possibly avoiding the discharge 
plume path. However, both years of study were heavily drought influenced and it is 
therefore essential that a further years study is undertaken to quantify the effects of the 
drought allowing firm conclusions to be made as to whether the problems encountered by 
returning salmonids are drought or water quality related.
•  An increase in netting operations to include some night-time fishing would increase the 
numbers offish caught and tagged consequently allowing greater statistical analysis than 
is possible at present.
•  The potential of the River Kent and its estuary for a control tagging operation should be 
considered. The nature of the estuary is not dissimilar to that of the Leven other than it 
does not have the sewage and pharmaceutical discharges. A small study (10-15 fish) on 
success rates to freshwater would allow a direct comparison of natural environmental 
effects on both estuaries.
•  Only limited water quality data has been recorded during 1996 and comparisons with fish 
behaviour were not possible. Therefore more estuarine water quality data is required so 
that these factors can be attributed to or eliminated from those affecting the migratory 
salmonid population within the Leven estuary.
•  Any future alterations to the abstraction regime on the Leven catchment including the 
possible future imposition of Drought Orders on the Leven catchment should include 
considerations on the effects on flows within the Leven estuary on salmon and sea trout. 
It should also consider the consequential effects on the freshwater 'cue' within the estuary 
on fish destined for the Crake catchment.
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APPENDIX la
RAINFALL GRAPHS FOR ELTER WATER (R. LEVEN CATCHMENTS 
ILLUSTRATING RED! ICED RAINFALL DURING THE TWO YEARS OF STUDY.
1995 AND 1996.
Monthly rainfall totals, Elterwater, 1995.
Shewing monthly long term average (LTA )fram  "B61to 1390.
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Monthly rainfall totals, Bterwater, 1996.
Showng mo nthlylongterm average (LTA )from  1961to 1990.
APPENDIX 1h
ANNUAL FLOW CHARTS FOR THE RIVER LEVEN AT NEWBY BRIDGE 1992 - 1996
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APPENDIX lc
FLOW CHARTS FOR THE RTVER LEVEN AT NEWBY BRIDGE 1992 - 1996 
OVER THE MAIN ADULT MIGRATION PERIOD (APRIL - OCTOBER")
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A P PE N D IX  Id
ILLU STR A TIO N  OF TA G G ED  FISH  M O V EM EN TS W H EN  R ELA TED  TO U PSTR E A M  
FISH  M O V EM EN TS AT BA CK BA RRO W  FISH  C O U N TER
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APPENDIX 2a
LEVEN ESTUARY NETTING INFORMATION
£4.05.96 P LUM P T O N  V IA D U C T GILL N ET LW
. . .  T A G G E D ....................
29.05.96 P LUM P T O N  V IA D U C T GILL N ET LW
30.05.96 C A R T E R  P O O L GILL N ET H W
31.05.96 C A R T E R  P O O L GILL N ET H W
06.06.98 P LUM P T O N  VIA D U C T GILL N ET LW
11.06.96 P LUM P T O N  VIA D U C T GILL N ET LW
13.06.96 C A R T E R  P O O L GILL N ET DR IFT H W
14.06.96 P LUM P T O N  B IGHT GILL N ET H W
20.06.96 P LUM P T O N  VIA D U C T GILL N ET LW
20.06.96 C A R T E R  P O O L GILL N ET D R IFT H W
21.06.96 P LUM P T O N  VIA D U C T GILL  N ET LW
21.06.96 C A R T E R  P O O L GILL N ET DR IFT H W
27.06.96 P LUM P T O N  VIA D U C T GILL N ET LW 4 SEA T R O U T 3 S EA T R O U T
28.06.96 C A R T E R  P O O L GILL N ET H W
28.06.96 P LUM P T O N  V IA D U C T GILL N ET LW
02.07.96 C A R T E R  P O O L GILL N ET H W
04.07.96 P LUM P T O N  VIA D U C T GILL N-ET LW
09.07.96 P LUM P T O N  V IA D U C T GILL N ET LW
10.07.96 P LUM P T O N  VIA D U C T GILL N ET LW 2 S EA T R O U T  + 1 S A  LM ON 1 S EA T R O U T  + 1 S A  LM ON
11.07.96 P LUM P T O N  VIA D U C T GILL N ET LW 1 SEA T R O U T 1S EA T R O U T
16.07.96 P LUM P T O N  B EA CH GILL N ET H W
17.07.96 P LUM P T O N  VIA D U C T GILL N ET LW 1 SEA T R O U T
18.07.96 P LUM P T O N  VIA D U C T GILL N ET LW 1 SEA T R O U T
23.07.96 P LUM P T O N  V IA D U C T GILL  N ET LW 2 S EA T R O U T  +1S A  LM ON 1 SA LM ON
24.07.96 P LUM P T O N  VIA D U C T GILL  N ET LW 2 SEA T R O U T
26.07.96 P LUM P T O N  VIA D U C T GILL N ET LW 3 S EA T R O U T  + 1 S A  LM ON 1 S EA T R O U T  + 1 S A  LM ON
30.07.96 P LUM P T O N  B E A C H GILL  N ET H W 1S EA T R O U T  +3 SA LM ON 1S EA T R O U T  + 2 SA LM ON
31.07.96 P LUM P T O N  VIA D U C T GILL N ET LW 1S A L M  ON 1 SA LM ON
31.07.96 P LU M  P T O N  B E A C H GILL N ET H W 1S EA T R O U T  + 1 S A  LM ON 1 SEA T R O U T  + 1 S A  LM ON
01.68.96 P LU M  P T O N  B E A C H GILL N ET H W
07.08.96 P LUM P T O N  VIA D U C T GILL N ET LW
08.08.96 P LUM P T O N  VIA D U C T GILL N ET LW
13.08.96 P L U M -P T O N  B E A C H GILL N ET H W 1S A L M  ON 1 S A L M  ON
14.08.96 P LU M  P T O N  B E A C H GILL  N ET H W 1SEA T R O U T  + 1 S T E E L H E A D  + 1 SA LM ON 1S T E E L H  EA D + 1 S A  LM ON
15.08.96 P LUM P T O N  B E A C H GILL  N ET H W 1S E A  T R O U T  + 1 S A  LM ON 1SA LM ON
16.08.96 P LUM P T O N  B EA CH GILL  N ET H W
20.08.96 P LUM P T O N  VIA D U C T GILL  N ET LW
22.08.96 P LUM P T O N  V IA D U C T GILL N ET LW
27.08.96 P LU M  P T O N  B E A C H GILL N ET H W 1SEA T R O U T
28.08.96 P LUM P T O N  B EA CH GILL N ET H W 1S A L M  ON 1S A L M  ON
29.08.96 P LU M  P T O N  B E A C H GILL N ET H W 1S A L M  ON 1S A L M  ON
30.08.96 P LUM P T O N  B E A C H GILL N ET H W
03.09.96 P LUM P T O N  V IA D U C T G-ILL N ET LW
05.09.96 P LUM P T O N  VIA D U C T GILL N ET LW 1 S A L M  ON 1S A L M  ON
10.09.96 P LU M  P T O N , B  E A C H GILL N ET H W
12.09.96 P LUM P T O N  B EA CH GILL N ET H W
13.09.96 P LUM P T O N  B E A C H GILL  N ET H W
16.09.96 P L y M  P T O N  B E A C H G ILL -N ET H W
17.09.96 P LUM P T O N  B E A C H GILL  N ET H W
18.09.96 P LUM P T O N  V I A D U C T GILL  N ET LW
25.09.96 P L U ^  P T O N  B EA CH GILL N ET H W
26.09.96 P LUM P T O N  B E A C H GILL N ET H W
27.09.96 P LUM P T O N  B EA CH GILL N ET H W 1 SEA T R O U T 1S EA T R O U T
01.10.96 P LUM P T O N  V IA D U C T GILL N ET LW 1 SEA T R O U T
02.10.96 P LUM P T O N  VIA D U C T GILL N ET LW 1 S EA T R O U T 1 SEA T R O U T
10.10.98 P LU M  P T O N  B E A C H GILL N ET H W
11.10.96 P LUM P T O N  B EA CH GILL N ET H W
14.10.96 P LUM P T O N  B EA CH GILL N ET H W 1 SEA T R O U T * *P R E V IO U S L Y  T A G G E D  27.09
15.10.96 P LUM P T O N  B E A C H GILL  N E T H W 1 SA LM ON 1 S A L M  ON
24.10.96 P LUM P T O N  B EA CH GILL N ET H W
25.10.96 P LUM P T O N  B E A C H GILL  N ET H W
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G R A PH  ILLU STR A TIN G  N U M BER S OF FISH  CA UG HT W ITH IN  TH E L E V E N  
ESTU A R Y  D U R IN G  1996 AND TH EIR  SU BSEQ U EN T D E TEC T IO N
A P P E N D IX  2b
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APPENDIX 2c
1995 FRESHWATER TRACKS
The track above shows persistent low flows from the date of capture until 03.10.95 when 
freshwater discharges rose rapidly. It is possible that this initial rise in discharge was a 'cue' for 
the fish to migrate through the estuary and into freshwater. The fish was first detected on
17.10.95 shortly after flows began to fall, making a short upstream migration on the next rise in 
flows. The fish was subsequently 'lost' within the river. Without the sonar buoy network it is 
impossible to say where the fish was from 02.08.95 to 16,10.95, although it is likely that it 
returned to the sea.
The track obtained from the above sea trout shows little migratory behaviour although it would 
appear that it entered the system under low freshwater discharge and subsequently returned to the 
estuary on elevated flows. It seems likely that the fish spawned at the upper reaches of its 
migration around the Bouthrey Bridge area.
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APPENDIX 3
PHOTOGRAPHS OF LEVEN ESTUARY EQUIPMENT
Plate 1. Sonar Buoys (Hammerside Point buoy far left) illustrating barnacle growth.
Plate 2. Automatic Listening Station in situ.
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APPENDIX 4
CAPTURE. TAGGING AND TRACKING INFORMATION
40
The first detection was made by the Carter Pool sonar buoy 2.25 hours prior to low water on the
28.06.96 at 01.30 GMT. It was next detected via the portable hand held radio receiver in the lower 
River Leven at the 'Honeypot' pool on the 06.07.96 at 21.00 GMT where it remained until it returned 
to the estuary on the 29.07.96.
No further detections were made.
See Figure 9 for representation offish movements within freshwater.
The first detection was made by the Carter Pool sonar buoy 3 hours prior to high water on the
28.06.96 at 06.30 GMT. It was next detected via the hand held portable radio receiver approximately 
100m downstream of the 'Honeypot' pool on the lower River Leven on the 06.07.96 at 21.00 where it 
remained until 27.07.96 at which point it moved further downstream.
It remained in the 'Fish House Lane' area for a further two days (until 29.07.96) at which point it returned to the 
estuary. After a substantial period of non-detection within the river the fish then re-appeared on the 28.08.96 
at 20.30 in the 'Fish House Lane' area where it remained resident for one week at which point (03.09.96) 
the fish once again returned to the estuary. Shortly after a significant increase in freshwater flows the fish was 
detected by the Backbarrow listening station on 05.10.96 at 09.05 GMT. This appeared to be a short upstream 
migration as it was subsequently detected via the portable receiver three days later (08.10.96 at 14.00 GMT) 
back in the lower tidal reaches of the river at Fish House Lane.
No further detections were made.
See Figure 8 for representation offish movements within freshwater.
42
The first detection was made by the Greenodd sonar buoy on the 02.07.96 for a duration of approximately 
6 hours, commencing at 16.40 GMT (3.5 hours after high water) until 22.30 GMT (3 hours prior to the next 
high water). The fish remained resident within the detection range of the sonar buoy for the whole period. 
No further detections were made.
43
The first detection was made by the Plumpton sonar buoy on the 10.07.96 10 minutes after High water for 
a period of 30 minutes in total. (07.00 to 07.30 GMT).
No further detections were made.
44
First detected via the hand held portable radio receiver 3.5 hours after high water on the 14.07.96 at
14.00 GMT in the area immediately above Plumpton Viaduct.
No further detections were made.
45
No detections made within either estuarine or freshwater environments.
46
No detections made within either estuarine or freshwater environments.
47
The first detection was made by the Plumpton sonar buoy on the 27.07.96 at 07.30 GMT fora duration 
of 20 minutes until 07.50 GMT (1.25 hours prior to high water).
No further detections were made.
48
The first detection was made by the Plumpton sonar buoy on the 26.07.96 at 20.40 GMT for a duration 
of 20 minutes until 21.00 GMT (half an hour after high water).
No further detections were made.
49
No detections made within eitherestuarine orfreshwater environments.
50
No detections made within eitherestuarine orfreshwater environments.
51
No detections made within either estuarine orfreshwater environments.
52
No detections made within either estuarine orfreshwater environments.
53
No detections made within either estuarine orfreshwater environments.
54
No detections made within either estuarine orfreshwater environments.
55
No detections made within either estuarine orfreshwater environments.
56
No detections made within either estuarine orfreshwater environments.
57
No detections made within either estuarine orfreshwater environments.
58
No detections made within eitherestuarine orfreshwaterenvironments.
59
No detections made within either estuarine orfreshwater environments.
60
Detected at Backbarrow listening station on 08.10.9&at 14.00 GMT where it remained until the 17.10.96 
when it moved upstream approximately 0.5 miles to the old Ironworks pool. Aftertwo days the salmon 
then returned downstream and was detected by the listening stationin Backbarrowfishcounterhutonthe 
19.10.96. It was detected again via the portable receiver att^e ironworks pool on the 22.10.96 and remained 
resident until the 27.10.96 when itmigfated further upstream (approximately 150m) to belowthe road bridge 
atthe White Water Hotel complex. On the 16.11.96 it was detected upstream of the road bridge and stayecj 
there until it commenced a series of short downstream migrations. Onih$ 22.11.96 itwas detected via the 
portable receiverbelowthe road bridge, then on the 06.12.96 it had moved overthe steepfalls back into the 
Ironworks pool where it remained until 11.12.96 at which point no further detections were made. It is possible 
thatthe fish had returned to sea as a kelt after spawning in the area above the White Water Hotel.
See Figure 7 for representation offish movements within freshwater.
61
No detections made within either estuarine or freshwater environments.
62
Recaptured 14.10.96 Plumpton Beach 11.45 GMT.
No detections made within either estuarine orfreshwater environments.
63
The first detection was made via the portable hand held radio receiver at Greenodd on 09.10.96 
in the bottom tidal reaches of the River Crake. However, no further upstream migration was made 
leading to the conclusion that the fish had more than likely regurgitated the tag on entering freshwater.
64
Detected by sonarbouy on Plumpton Beach on 15.10.96 from 12.00 to 13.20 QMT. 
No further detections were made.
65
